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FINAL REPORT 

CONTRACT NO. NASr-182 

Information services  r e l a t i n g  t o  t h e  prevention or  l imi t a t ion  of environ- 
ment-associated degradation of materials and equipment were provided t o  t h e  
National Aeronautics and Space Administration under Contract No. NASI--182. The 
contract  provided p a r t i a l  support for  t h e  Prevention of Deter iorat ion Center, 
an  information center  i n  t h i s  f i e l d  of environmental and materials sciences,  
es tabl ished and continued with primary support under a contract  funded by t h e  
Army, N a v y ,  and A i r  Force. 
on spec i f i c  de te r iora t ion  problems , abs t r ac t s  of s c i e n t i f i c  and technica l  docu- 
ments, bibl iographies ,  document loans from t he  Prevention of Deter iorat ion 
Center l i b r a r y  and a s ta te-of- the-ar t  monograph r e l a t e d  t o  t h e  meteoroid envi- 
ronment. Another product of contract  i s  a glossary of terms used i n  materials 
degradation s tudies  i n  t h e  hyperthermal enviB%nment. 

The services  provided t o  NASA included consul ta t ions 

INTRODUCTION 

Contract NAS~-182 between the  National Aeronautics and Space Administra- 
t i o n  and t h e  National Academy of  Sciences--National Research Council f o r  p a r t i a l  
support of t h e  Prevention of Deterioration Center became e f f e c t i v e  January 1, 
1964. This contract  provided f o r  information services, based on a large col -  
l e c t i o n  of  s c i e n t i f i c  and technical  l i t e r a t u r e ,  t o  be fhrnished NASA r e l a t i n g  
t o  the  prevention of environment-associated de te r iora t ion  of materials and 
equipment. The information services were provided i n  severa l  forms including 
a b s t r a c t s  of s c i e n t i f i c  and technical  repor t s ,  bibl iographies ,  loans of docu- 
ments, s ta te-of- the-ar t  monograph, a hyperthermal environment glossary,  and 
consul ta t ions on ' spec i f i c  degradation problems. 

Th i s  repor t  presents  a summary of the work performed under the provisions 
of that  contract .  
Work, Schedule Ar t i c l e  I, were performed by the Prevention of Deter iorat ion 
Center. The work performed under t h e  provisions of t h i s  contract  i n  1965 w a s  
almost e n t i r e l y  r e l a t ed  t o  preparation of t h e  glossary c a l l e d  f o r  i n  Schedule 
A r t i c l e  1.2.  
of Deter iorat ion Center r e su l t ed  i n  termination of t h e  Center as a un i t  of t h e  
National Academy of Sciences--National Research Council i n  January 1965. 
However, t he  Division of Chemistry and Chemical Technology provided f o r  t h e  
cont inuat ion of both t h e  glossary work and l imited document loan service f r o m  
the co l lec t ion  t h a t  had been t h e  PDC l i b ra ry .  

Throughout 1964 t h e  services  ca l l ed  f o r  i n  t h e  Statement of 

Loss of t h e  major par t  of the f inanc ia l  support f o r  t h e  Prevention 
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CONSULTING AND ADVISORY SERVICES 

Consulting and advisory services were provided with t h e  approval of NASA 
Contracting Off icer  as follows: 

Subject Person and Establishment Served 
and Date 

Effects of UMDH f u e l  on space- 
craft  mater ia ls  , par t i cu la r ly  Goddard Space F l igh t  Center 
o p t i c a l  equipment. Greenbelt , Maryland 

J. Farkas (Code 623) 

July 1964 

Effects of r ad ia t ion  on mate- W. J. Bates, Project  Director 
r ia ls  and components of e l e c t r i c a l  
and e lec t ronic  c i r c u i t s .  

Trident Engineering Associates Inc.  
Annapolis , Maryland 
(Contractor t o  Goddard Space F l igh t  

Center) 
August 1964 

Corrosion of underground dis- 
t r i b u t i o n  p ipe l ines  (including 
on-si te  survey of problem). 

George L. Meidinger, Head 
Environmental Testing Support 

Percy J. Crain, Chief 
Engineering Technical Services 
Langley Research Center 
Hampton, Virginia  
September -November 1964 

Section, and 

Acoustic noise problem i n  man- G. A .  Cosby, Project  Manager 
r a t e d  space simulation chamber 
during emergency re-pressurization. Pi t tsburgh,  Pennsylvania . 

Pittsburgh-DesMoines Steel  Co. 

October 1964 

Titanium pressure vessels-- Mr.  McSmith, Safety Off icer  
compat ibi l i ty  with cyrogenic 
l iqu ids  , impact s e n s i t i v i t y ,  Hampton, Virginia  
and r e l a t e d  hazards. September 1965 

NASA Langley Research Center 
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ABSTRACTING SERVICES 

Abstracts of s c i e n t i f i c  and technical  documents dealing with environment- 
r e l a t ed  de te r iora t ion  of mater ia ls  and equipment were published by t h e  Pre- 
vention of Deterioration Center i n  a monthly journal  e n t i t l e d  "Environmental 
Effects on Materials and Equipment." 
Section A ,  dealing predominately w i t h  chemical, b io logica l ,  and physical 
fac tors  associated with t e r r e s t r i a l  environments, and Section B, dealing pre- 
dominately with t h e  physical  and engineering considerations of extreme thermal, 
mechanical (shock and v ibra t ion)  and space-associated environments. 
these journals were provided t o  t h e  NASA Sc ien t i f i c  and Technical Information 
Division as well  as t o  individual  subscribers within NASA--twenty-nine sub- 
sc r ibe r s  f o r  Section A ,  f o r t y  subscribers f o r  Section B--including back issues  
t o  January 1960 upon request.  This publication serv ice  w a s  terminated on 31 
May 1964 due t o  t h e  loss  of a major p a r t  of t h e  PDC's f i n a n c i a l  support pre- 
viously provided by t h e  A r m y ,  Navy and A i r  Force. 

. 

The journal  w a s  published i n  two par ts--  

Copies of 

~ 

LIBRARY SERVICES 

The l i b r a r y  of t he  Prevention of Deter iorat ion Center, containing approxi- 
mately 70,000 t i t l e s ,  including a copy of t he  o r i g i n a l  document or repor t  for 
each abs t r ac t  published i n  the  afore-mentioned journa ls ,  provided loan copies 
of documents t o  a l l  requestors within t h e  NASA, and t o  qua l i f i ed  NASA contrac- 
t o r s .  These loans were reported by i tem,indicat ing t h e  individual  requestors,  
i n  t h e  quar te r ly  s t a t u s  repor t s  f o r  1964 and t o t a l e d  271 documents. During 
1965, loans t o  the Librar ian,  Goddard Space F l igh t  Center provided 33 docu- 
ment s . 

SPECIAL STUDIES AND BIBLIOGRAPHIES 

Special  s tudies  and analyses of a l l  ava i lab le  information, published and 
unpublished, were undertaken regarding t h e  e f f e c t s  on mater ia ls  and equipment 
O f  both the  meteoroid and low temperature (-300F and below) environments en- 
countered by space vehicle  systems. A bibliography e n t i t l e d  "Interplanetary 
Debris", compiled by W .  A .  Cosby, was submitted t o  the  NASA i n  September 1964 
and included 344 t i t l e s  with keyword descr iptors  as annotations t o  each en t ry .  
A s ta te-of- the-ar t  r epor t ,  developed f rom the  meteoroid environment study, w a s  
completed and has been published as NASA SP-78 "The Meteoroid Environment and 
i t s  Ef fec t s  on Materials and Equipment" by W .  A .  Cosby and R .  G. Lyle. 
s i m i l a r l y  developed report  based on t h e  study of low temperature phenomena 
w a s  terminated i n  an intermediate draft s tage of completion because addi t iona l  
funding was not ava i lab le  t o  provide f o r  continuation of t h i s  work beyond 
December 31, 1964. 

A 
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Special  s tudies  conducted under t h e  provisions of t h i s  contract  a l s o  
included l i t e r a t u r e  searches and analyses i n  response t o  requests  f o r  documen- 
t a t i o n  r e l a t ed  t o  pa r t i cu la r  problems of environment-associated degradation of 
mater ia ls  i n  the  following cases: 

Subject Requested By 

Cost analysis  of preventive main- 
tenance. 

Librar ian,  John F. Kennedy Space Center 

Handbooks and other ins t ruc t ions  A .  H. Rice, Assis tant  Pro jec t  Director 
f o r  dealing with rad ia t ion  e f -  Trident Engineering Associates , Inc. ,  
f e c t s  on materials, pa r t i cu la r ly  Annapolis , Maryland (Contractor t o  
e lec t ronic  components and c i r c u i t s .  Goddard Space F l igh t  Center) 

Underground corrosion-causes and G. I,. Meidinger, Head Environmental 
preventive techniques. Testing Support Section 

Langley Research Center 

Thermal degradation of  polymeric C.  H. Clatterbuck 
adhesives; s t r e s s  cracking i n  Goddard Space F l igh t  Center 
polymers; e f f e c t  of humidity on Greenbelt , Maryland 
d i e l e c t r i c  breakdown across 
ceramic insu la tors .  

GLOSSARY PROJECT 

A projec t  was formulated t o  accomplish t h e  compiling of a glossary of 
terms and def in i t ions  used i n  hyperthermal environment s tud ies  of mater ia ls  
degradation, and was approved as  t o  object ives  and prescribed procedure by 
t h e  NASA Projec t  Off icer .  An extensive l i t e r a t u r e  search and t h e  review of 
approximately 600 documents were performed t o  develop candidate terms and 
de f in i t i ons  f o r  consideration i n  the glossary work. 
were selected f o r  i n i t i a l  consideration. The plan f o r  t h i s  pro jec t  a l s o  ca l l ed  
f o r  a panel of persons, krowledgeable i n  r e l a t e d  areas of technology, t o  pro- 
vide c r i t i c i s m  and indicate  preferences regarding t h e  terminology under review. 
A l i s t  of nominees for  t h i s  advisory group was compiled with t h e  cooperation 
of M r .  Frank Koubek, Chairman of Section 111-L (Ablation) , ASTM Committee D-20, 
and t h e  NASA Project  Off icer .  
sen t  out ,  and those who chose t o  cooperate i n  t h i s  e f f o r t  became members of 
t h e  C r i t i c a l  Review and Bal lot ing Panel (see Appendix). The work with t h i s  
group began with a c r i t i que  of the  l i s t  of candidate terms. 
then  revised and i n  August 1964, ba l lo t ing  of a l t e rna t ive  de f in i t i ons  w a s  
begun. 

More than 200 terms 

Invi ta t ions  t o  pa r t i c ipa t e  i n  t h i s  pro jec t  w e r e  

This l i s t  was 

A glossary of terms and def in i t ions  used i n  the  technology r e l a t i n g  t o  
thermal protect ion as employed i n  t he  extreme environment of aerospace vehicle  
systems i s  submitted with t h i s  report .  Those terms and phrases which t h e  
C r i t i c a l  Review Panel considered, a r e  indicated by underscoring and have 
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def in i t ions  which were developed by careful ly  weighing the  r e s u l t s  of b a l l o t s  
and t h e  c r i t i c a l  comments and recommendations contributed by the  members of 
t h a t  Panel. 

When large differences among preferred def in i t ions  appeared i n  the  re- 
s u l t s  of bal lot ing,  revised a l te rna t ives  were developed and second-round 
bal lot ing was undertaken. 
with a summary of the  divergent opinions re f lec ted  i n  t h e  f i r s t  round of vot ing 
so  t h a t  a t t e n t i o n  could be focused on the  s ign i f icant  points  of disagreement. 
I n  t h i s  way, a consensus regarding a su i tab le  d e f i n i t i o n  was achieved i n  prac- 
t i c a l l y  a l l  cases. 

J 
. I n  such cases, t h e  pane l i s t s  were a l s o  provided 

The def ini t ions provided as a l te rna t ives  i n  the b a l l o t s ,  were extracted 
from the l i t e r a t u r e  concerning thermal protect ion systems, and ex is t ing  tech- 
n i c a l  glossar ies .  I n  many cases, due t o  the developing nature of the  tech- 
nology, these def ini t ions were found t o  be out-dated or otherwise inadequate. 
These a l te rna t ives  d id ,  however, provide the C r i t i c a l  Review Panel with an  
indicat ion of the confusion which existed.  
responded with revis ions t o  the  a l te rna t ives  or completely d i f fe ren t  def in i t ions ,  
which proved t o  be valuable t o  the  glossary work. As the project  moved along, 
there  developed among the Panel members a more uniform propensity t o  present 
concepts i n  fundamental terms ra ther  than by descr ipt ion of par t icu lar  c lasses  
of applications of those concepts. 
i f  t h e  objective of t h i s  work w a s  t o  be attained--that the  glossary would pre- 
sent def ini t ions t h a t  a r e  both acceptable and useful  t o  those working i n  t h e  
f i e l d .  Furthermore, when def ini t ions a r e  developed so  t h a t  they a r e  not un- 
duly biased toward par t icu lar  classes of materials, components or environments, 
a s ign i f icant  obstacle t o  standardization of  terminology i s  removed. 

I n  many cases,  members of t h e  Panel 

This approach, of course, w a s  necessary 

The development of t h i s  glossary, with t h e  cooperation of t h e  C r i t i c a l  
Review and Balloting Panel, w a s  almost e n t i r e l y  accomplished through w r i t t e n  
communications. A disadvantage of such extensive use of correspondence i s  
the  ra ther  large t i m e  requirement t h a t  i s  involved when working with t h i r t y -  
f i v e  or more par t ic ipants .  However, i n  the work of developing def in i t ions ,  
p a r t i c u l a r l y  when it i s  intended tha t  t h e  r e s u l t s  w i l l  contribute t o  standardi-  
zat ion i n  technical  language, writ ten communications a r e  found t o  r e s u l t  i n  
unhurried and carefu l  formulation of c r i t i q u e s  and recommendations by t h e  
par t ic ipants .  This i s  considered t o  be an important advantage over t h e  al-  
t e r n a t i v e  approach of employing frequent meetings of a committee f o r  purposes 
of verbal  del iberat ions.  

' Throughout the  course of the glossary pro jec t ,  cooperative l i a i s o n  w a s  
maintained with t h e  American Society f o r  Testing and Materials,  Committee on 
Ablation. A t  t h e  outset  of t h i s  project ,  the  Ablation group w a s  i d e n t i f i e d  
with ASTM Committee D-20 on Plast ics  but more recent ly  has been reorganized 
as Section 3, Subcommittee V I  of ASTM Committee E-21 on Space Simulation. 
Approxiamtely one-half of the members of the  glossary p r o j e c t ' s  C r i t i c a l  
Review and Balloting Panel a re ,  o r  have i n  t h e  pas t ,  a f f i l i a t e d  with the  ASTM 
Committee on Ablation. The Chairman of Section 3, Subcommittee V I  of ASTM 
Committee E-21 has been advised by t h e  NASA Project Officer that the  glossary 
developed i n  t h i s  project  w i l l  be made avai lable  t o  the Committee. 
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APPENDIX 

. 

The C r i t i c a l  Review and Bal lot ing Panel 
f o r  Glossary Pro jec t  of Contract No. NASI--182 

The organizations and individuals l i s ted  below, contributed information 
and evaluations of terminology and def in i t ions ,  which were e s s e n t i a l  inputs  
t o  the  "Glossary of Terms i n  High Temperature, Thermal Protect ion Technology". 
These pa r t i c ipan t s  comprised a C r i t i c a l  Review and Bal lot ing Panel f o r  t h e  
glossary pro jec t  involving terminology and de f in i t i ons  used i n  the  technology 
of thermal protect ion systems as applied t o  aerospace vehicle  systems. The 
de f in i t i ons  given f o r  t h e  underlined terms and phrases i n  t h e  glossary were 
developed on t h e  basis of: t he  preferences indicated by t h e  pane l i s t s  from 
an;or?g a l t e rna t ive  def in i t ions  provided i n  a series of b a l l o t s ;  t h e  modifi- 
ca t ions  t o  the  ba l lo t ed  definitions,recomended by t h e  pane l i s t s ;  and de- 
f i n i t i o n s  submitted by the  pane l i s t s  as preferred over those a l t e rna t ives  
provided i n  the  b a l l o t s .  

Aero j e t  -General Corporation 

American Instrument Company, Inc.  

A t l an t i c  Research Corporation 

Ba t t e l l e  Memorial I n s t i t u t e  

The Boeing Company, Aerospace Division 
F l igh t  Technology Department 

Chrysler Corporation 
Advanced Pro j e c t  s Organization 
Defense-Space Group 

Cornell Aeronautical Laboratory, Inc.  

General Dynamics/Fort Worth 

B.  F. Goodrich Company 
Research Center 

Grumman Ai rc ra f t  Engineering Corporation 

Hughes Aircraft Company 
Space Systems Division 

W i l l i a m  McLaughlin 

J. S. Lagarias 

M. Markels, Jr. 

E.  W .  Ungar 

R .  C .  Miller 

L. R .  Biasell  
H. Roth 
E'. A .  Reid 

George Rudinger 

W .  H. S teurer  
R .  A .  Stevens 

A .  E .  Juve 
E.  Rowe 

J. T .  Graham 
L. G.  Kaufknan 
R .  A .  Oman 

R .  W. Fehr 
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The John Hopkins Univers i ty  
Applied Physics Laboratory 

LTV Research Center 

Mart i n  Company 

North American Aviat ion,  
Engineering Laboratory 

North American Aviat ion,  
Rocketdyne Div is ion  

Inc.  

I n c  . 

Phi  l c o  R e  search  Labor a t  or i e  s 

Sandia Corporation 

Space General Corporation 

Thompson Ramo Wooldridge, Inc.  

U. S. Polymeric Chemicals, Inc .  

Univers i ty  of Dayton 
Research I n s t i t u t e  

E. S.  A r m y ,  Materials Research Agency 
Watertown Arsenal  

U. S. N a v y  
Naval Ordnance 

Naval Ordnance 

Laboratory 

Tests S t a t i o n  

U. S. A i r  Force 
F l i g h t  Mechanics Divis ion 

Materials Laboratory 

U. S. Nat ional  Aeronautics and 
Space Adminis t ra t ion 
Langley Research Center 

G. L.  Dugger 
R.  A .  Makofski 
N. G. P a u l  

J. Harkness 

E. L. S t r a u s s  

C .  J. MacMiller 

S. Bre l an t  
R.  S. Levine 
C. S. Lyons 
B. L.  McFarland 
E.  E. Fryk 

S. R .  Byron 

H. R .  Vaughn 

S. L. Grindle  

W. E. Winters 

R .  H. Reid 

J. E. Minardi 
J. W u r s t  

A .  P. L e v i t t  

F. J. Koubek 
J. Raat 

S. H.  Herzog 
P. H a l l  
H. B. P o r t e r  
K. Okauchi 
W .  K. Smith 

M. L. Buck 

D. L. Schmidt 
M. D. Jolly 

C. M. Pit tman 
I. E.  Beckwith 
W.  A .  Brooks, Jr. 
J. C .  Dunavant 
E.  B. P r i cha rd  
R.  T.  Swann 
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